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The radiative decays of the B mesons may have a significant contribution from 
r~| , the transition b — > sJ/ip followed by the J/V'-photon conversion. The size of this 

contribution is re-analysed in the light of a phenomenological model for the weak 
I bsJ/il) vertex, and a modified J/V'-photon interaction that is manifestly gauge 

' invariant. Predictions for both inclusive and exclusive cases are obtained, but 



large uncertainties still remain. 

PACS: 13.40.-f, 13.25.Hw, 13.40.Hq, 13.40. Gp. 



1 Introduction 



The CLEO Collaboration has observed the exclusive radiative decays of 
charged and neutral 5-mesons into K* with an average branching ra- 
tio 

BR{B ^ ir*7) = (4.5 ± 1.5 ± 0.9) x IQ-^ (1) 

More recently, the same experiment reported the first signs of the inclusive 
decay -B — >■ 7 + , with the branching ratio 

BR{B ^ 7 + X,) = (2.32 ± 0.57 ± 0.35) x lO'l (2) 

At the origin of these decays is predominantly the spectator process involving 
the 6s7 vertex. In the Standard Model, the short distance contribution to 
the vertex occurs at the 1-loop level, but it is sizeable due to the large top- 
quark mass and an important QCD enhancement [^. It can be calculated 
perturbatively, and the QCD corrections have been included in the leading 
logarithm approximation [Q. The uncertainty in this result is mostly due to 
the choice of the scale at which to calculate the QCD corrections; with the 
full next-to-leading order calculation completed, this error should be sub- 
stantially smaller |^. However, it is possible that a significant long distance 
contribution to the 657 vertex exists, due to the process h — * sJ/ip — >• 57. 
The weak decay of the 6-quark that produces the J/ if) meson occurs at tree 
level; the J/ip in turn couples to the photon, as in the J/ip e+e~ decay 
mode. For the inclusive decay, a naive estimate gives 

\A{b '-li .7)1 ~ \A{b ^ sJ/n egj,^, , (3) 

for the J/iIj contribution to the decay amplitude. The strength of the J/'ip- 
photon conversion, gj/^^ = 0.82 GeV^, is measured from the rate for J/ip ^ 
e+e~. Eq. || gives a long distance contribution that is about 20% of the 
observed b s^y amplitude. The analogous estimate for the exclusive decay 
B K*'y gives a J/ip contribution in the same proportion. This effect was 
first pointed out by Golowich and Pakvasa as the dominant long distance 
contribution to the radiative B decays; a phenomenological model for the 

exclusive process B K*'-/ was proposed in ref. p, and later expanded in 
ref. (the analogous effect in the 5 — >• p7 decay was discussed recently 
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by Cheng [||). The inclusive case was considered by Deshpande, Trampetic 
and Panose in ref. 0, where a model could not be found that would satisfy 
gauge invariance and give a non-zero result. More recently, one such model 
was suggested by Deshpande, He and Trampetic . 



In this work, the mechanism behind the long distance contribution of 
the J/ip to the i?-meson radiative decays is re-analyzed, within a new phe- 
nomenological approach. The analysis will be based on an effective hsJ/ip 
vertex (section 2.1), parametrized by form factors that are to be determined 
empirically, and a J/V'-photon interaction (section 2.2), modeled after the 
vector meson dominance (VMD) ideas From this description one de- 

rives both the amplitude for the inclusive process h sJ/ip — >■ 57, and that 
for the exclusive process B — > K*J/%1) K*'j (section 2.3). These ampli- 
tudes are automatically gauge invariant, and vanish when the bsJ/ip vertex is 
calculated in the factorization approximation. Quantitative predictions are 
derived (section 3), but significant uncertainties still remain. This work was 
inspired in the recent analysis of ref. , which also adopts a phenomenolog- 
ical approach to determine the size of the long distance effect, for the case of 
the exclusive decay. The model and the results obtained in here are however 
substantially different. The same is true with respect to the other analyses 



that have appeared in the literature [12 



2 The J/iJj contribution to the radiative B de- 
cays 

2.1 The bsJ/i/j vertex 

The amplitude for the inclusive decay b sJ/ip is given by 

A{b ^ sJ/^) = -< sJ/^/j\Heff\b >, (4) 

where -f^e// is the effective Hamiltonian that describes the weak process b 
sec: 

Gp 

Heff = -j= VchVcs (Ci Cali.Lep S(3'y^Lba + C2 c„7^Lca sp-f^Lb/s) (5) 

(L, R = 1=1=75). The Wilson coefficients Ci and C2 contain the short distance 

(5) 

QCD corrections. In the leading logarithm approximation, for A-r-f- = 200 
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MeV |]T3[, and at the scale fx = 5.0 GeV, they are W4 



Ci = 1.117 C2 = -0.266. (6) 

The soft QCD effects in the hadronization of the c-c pair are described in 
terms of form factors that parametrize the matrix element of H^ff, in eq. ^ 



For example, in the factorization prescription [|15 



< sJ/iplca'^f^Lca Sf3YLbf3\b > = 3 < s J /iplca'j^Lcis s /bY Lba\b > 

= rnjj^fj/^elusi^Lub. (7) 

The J/ip decay constant, /j/^, is defined by < Q\cq^c\J/ilj >= rrij/^fj/^e^, 
and it is the only form factor that enters the b — > sJ/ip decay amplitude, 
within factorization. From T{J/'ip — >■ e^e~) = (5.26 ± 0.37) keV |]13|, it 
follows that fj/^ = 395 MeV. 

In all generality, however, one can write an effective bsJ/ijj vertex that, 
for on-shell quarks and with = 0, is given by 

Ksj/^ = -^V,,V:AC2 + lc^)[go{e)k>^ /cL 

+g,{e) [k^g^" - k^k'')-f,L + g^ik^) m,icr^''k,R], (8) 

where k is the J/ip four-momentum. The motivation to adopt this more gen- 
eral approach is the fact that the factorization result, gi{m'^j/^) = fl'o("^j/^) = 
fj/^/mjj^ and g2(jn^j/^) = 0, gives a very poor agreement with the data, for 
both the inclusive and the exclusive decays |l^. Indeed, at present, there 



is no satisfactory theoretical description of the weak b decay that produces 
the J/%1) meson. In here, the form factors gi and g2i at fc^ = ttl'^j/^, are to 
be determined empirically, from the data for the 5-meson decays into J/ip. 
The term proportional to the form factor go does not contribute to the decay 
amplitudes, and so go{jn?ji^) will be left undetermined. Notice that, unless 
this form factor vanishes, the J/ip meson couples to a current 

J' = -sKj/^b (9) 

that is not conserved. 
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2.2 The J/ifj contribution to the 657 vertex. 

The effective 657 vertex, for on-sliell quarks and witli nis = 0, is analogous to 
that in eq. H, but with an additional constraint from gauge invariance. The 
contribution from the c-c intermediate states is parametrized as 

+Gf{k^)mbia^"'k^R]. (10) 

The interest here is in the J/ ip contribution to the electromagnetic form fac- 
tors 01%. It will be derived from the weak vertex in eq. || and the photon 
couplings shown in fig. 1. These couplings are modeled after the 7-p in- 
teraction, in the VMD description of the electromagnetic properties of the 



nucleons [ 1 1 1 . They correspond to the gauge invariant interaction Lagrangian 



C = eQ,^[-\F,^r' - A,{g^^ - ^) J.], (11) 

where and ^/'^ are the photon and the J j^^ fields; F^y = d^A^ — d^A^ 
and ip^y = d^ipu — d^ip^. The current Jy is that in eq. |^. The second term 



on the RHS of eq. |Tl| is an extension of the result in ref. [|Il|]. It encom- 
passes the more general case where the current is not necessarily conserved: 
in order to preserve gauge invariance, only its conserved part was included 
in the interaction. The phenomenological parameter /j/^ is the same as that 
defined before, since = Qc cj^c + ■ ■ ■. In general, the two gauge invari- 
ant terms in the interaction Lagrangian would have independent couplings. 
However, in the assumption of complete VMD [jll|, the fc^ dependence of 
the electromagnetic form factors is dominated by the vector meson pole, i. e. 

0*^ ""^j/i/;)' ^^^^ leads to the result in eq. |lT[ The J/ip contribution 
to the form factors G^^, in the bs'j vertex, is then 

Gi!2^ik') = -{C2 + \c,) eQJj/^mj/^g,,2 , ^ \ , (12) 

where fj/^ x gi 2 is taken to be constant in fc^, for consistency with the com- 
plete VMD assumption. Corrections to this assumption, due to the contri- 
bution of other c-c states (such as the open charm continuum), are discussed 
later. 



4 




5 



2.3 The J/ifj contribution to the radiative decay am- 
pUtudes 

The amplitudes for the inclusive and exclusive radiative B decays, due to 
the J/ ijj contribution, follow from eqs. |10| and [l^. Only the magnetic dipole 
moment type structure in the vertex (i. e. the form factor G"^^^) contributes, 
when the photon is on-shell. For the inclusive decay, the magnitude of the 
J/ip contribution is 

\A{b S7)| = 1^ V;,K: G'J'^i^) 4% < s\-s%cy^,k^Rh\h > \ 

= \GpV,tV*iC2 + lc,)2mleQ,^g,\; (13) 
3 mj/^ 

and for the exclusive B — > K*'j decay, it is 

\A{B K*^)\ = l^VaKl Gi^^iO) m, e^j*^ < K*\sia^,k''Rb\B > \ 

V2 3 niji^ 

x{ml - ml,)F,m- (14) 

The form factor Fi{k'^) is one of the three form factors that parametrize 
the hadronic matrix element < K*\sia^'^ kt,Rb\B > in the decay amplitude. 
These form factors are defined in the Appendix. 

The phenomenological model presented in here has the peculiarity that it 
gives no contribution of the J/ip resonance to the radiative B decays, when 
the b — > sJ/ip transition is treated within the factorization approximation. 
In that approximation, as it was shown above, g2 = 0, and so there is no 
J/ ip contribution to the magnetic dipole moment structure in the bs'j vertex. 
This result can be understood from a different perspective. The Hamiltonian 
in eq. ^ gives a perturbative contribution to that, at the lowest order, 
corresponds to the c-quark loop diagram in fig. 2. This gives = and 
Gl'^ = {C2+Ci/3)eQcn.{k^), where n(/c^) has a cut along the real axis starting 
at k'^ = 4m^, and no poles. This contribution is to be interpreted as an 
average over the c-c resonant and continuum virtual states. In order to obtain 
the poles, such as the J/ip pole, explicitly, soft QCD effects would have to 
be included. In particular, the soft gluon exchanges between the c-quark 
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lines inside the loop would yield the c-c bound states. This would result in 
including the J/ip pole in liih!^), but there would still be no contribution to 
G^. The latter, and the associated magnetic dipole moment structure of the 
6s7 vertex, can only appear due to gluon exchanges between the quark lines 
inside the loop and the external quark lines, i.e. beyond the factorization 
approximation 




Figure 2: The lowest order perturbative contribution, from the effective 
Hamiltonian in eq. ^, to the form factors ^^1 vertex. 



3 Quantitative estimates 

In order to obtain a quantitative estimate for the size of the J/ contribution 
to the radiative B decays, in eqs. |13] and it is necessary to determine 
the size of g2, in the bsJ/ip vertex. One possibility would be to extract 
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gi,2{fn'j/^) from the experimental values for the branching ratio, BR{B — >■ 
J/ip + anything) = (1.15 ±0.07)% 0, and the polarization, Tl/T = 0.59 ± 
0.15 |T^, in the inclusive decay. This can only be done after removing from 
the data the contribution from the B decays into ip' and Xci, that in turn 
decay into J/ip- The effect on the branching ratio has been measured, and 



BR{b sJ/i/j) = (0.82 ± 0.08)% ^ for the direct decay; but the effect on 



the polarization has not, and so Tl/T for the direct decay could range from 
0.18 to 1. This large uncertainty is not the major obstacle in extracting gi^2 
from the inclusive b — > sJ/ip data; because the longitudinal and transversal 
decay rates are not sensitive to the sign of the corresponding amplitudes, 
(?i 2 can only be determined up to a 4-fold ambiguity. The ambiguity is 
particularly serious for an estimate of (72 (^j/^)- For example, if the J/ip- 
mesons from the cascade decays are unpolarized, then Tl/T = 0.69 ± 0.21 



for the direct decay; taking \ Vcb\ = 0.038y 1.63psec/rft |T8[ and mt, = 5.0 GeV 
in 

2 

TLAb^sJ/ij) = ^Gl\V,,V:f{C2 + l-C^fm,{l-^Y 

f M^^^) - 92{m^j/^)?mlmj/^ (L) 

(15) 

[2[g,{m'j/^)m'j/^-g,{m'j/^)mir (T) 

gives (up to a sign) 5'2('^j/^) = 0.26 ± 0.03 or 0.04 ± 0.07, which are very 
different in magnitude. 

The alternative is to extract (71,2 ('^j/^) from the data for the exclusive 
decays. The branching ratio and the polarization for the B —>■ K*J/iIj decay 

BR{B^K*J/ij) = (1.64 ± 0.27) X 10"=^ (16) 
'T \ 

= 0.78 ±0.07, (17) 
allow to determine gi^2, up to the same 4-fold ambiguity as in the inclusive 



case. But here the additional B — + KJ/ ip branching ratio [|T^ , 



BR{B ^ KJ/i)) = (0.089 ±0.013)%, (18) 
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can be used to reduce the ambiguity to that in the overall sign of gi^2- The 
longitudinal and transversal B K*J/ip decay amplitudes are 



m 



rriB + rriK* 



m 



B 



m 



K* 



and 



At{B 



X 



2 \ 2 
^J/tl;)^J/i) 



2mB\k\ 



+ 92{'m^j/^)mb{mB - mx* 



{niB + mK*Y 
2 TnB\k\ 



respectively; the B — > KJ/ip decay amplitude is 



A{B KJ/i)) 



'V2 



VcbV*,{C2 + -Ci)2mB\k\mj/^ 



(19) 



(20) 



(21) 



is the J/ijj momentum in the B rest-frame). The hadronic matrix ele- 
ments < K^*^\s-f^Lb\B > and < K^*^\sia^"'k^Rb\B > have been parametrized 
in terms of the form factors V, ^o,i,2) /o,i and -Fi,2,3, s, respectively, as defined 
in the Appendix. In order to minimize the uncertainty that is inherent to any 
particular model for these form factors, one can choose instead to relate them 



to the form factors that can be measured in semileptonic decays. In ref. [1£ 
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Isgur and Wise have used the Heavy Quark symmetry (HQS) to related the 
B K^*^ form factors to the form factors in D ^ K'^*HVi] their method will 
be used in here, and the results are summarized in the Appendix. It must be 
pointed out that these results are not entirely model independent, as some 
assumption must be made regarding the k'^ dependence of the form factors 
pO|] . The associated uncertainty is hard to quantify and will not appear in 



the results, but it should be kept in mind. 

When compared to the experimental results, the magnitude of the am- 
phtudes in eqs. [T9|-^ give the straight hues 

gi = ±a, + hig2 (« = 1,2,3), (22) 

in the {gi, (72) plane (for the transverse amplitude the exact solution does not 
give a straight line; but this is a very good approximation in the region of 
interest). The parameters Oj and hi are listed in table |I|; the errors reflect the 
uncertainties in eqs. [TBHT^ and in the normalization of the B K^*^ form 
factors (see eq. in the Appendix). The corresponding allowed regions are 
shown in fig. ^, and their overlap gives 

= 0.31-0.38 1^72(^2/^)1 ^ 0.05-0.10 (23) 

(an ambiguity in the overall sign of gi^2 remains). These results are also 
sensitive to the values of the Wilson coefficients Ci^2 and of iKbiyr^ that 
were chosen. The associated errors, although large, were not included as 
they will not affect the results that follow. 



1 0.32 ±0.07 1.41 ±0.14 

2 0.15 ±0.03 2.63 

3 0.29 ±0.03 0.57 



Table 1: The parameters for the lines gi = ±aj ± 6^(72 (^ = 1;2,3) in fig. 3. 
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.0 .1 .2 ,3 



Figure 3: Allowed region on the {gi, g'2) plane, from the data for the longi- 
tudinal (1) and transversal (2) B — > K*J/t/j rates, and for the B KJ/i/j 
rate (3). 
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Finally, the J/ip contribution to the radiative B decay amplitudes, in 



eqs. 13 and O, can be compared to the experimental values for the full 



amplitudes, from eqs. |I| and ^ For the inclusive decay. 



and, for the exclusive decay. 



l^^^'-^'^^)" = 0.15 ±0.05; (24) 



' ^ ^ X (0.12 ±0.05). (25) 



|A(5^ir*7)|exp. 0.96 

As pointed out above, these results are not affected by the uncertainties in 
iKfelv^ in IC2 ± Ci/3|. The errors indicated correspond to the uncer- 
tainties in eq. ^ and in the experimental branching ratios for the radiative 
decays. For the exclusive case, an additional uncertainty is associated with 
the value of -Fi(O). In here, -Fi(O) = 0.96 ± 0.11 (see Appendix), but it is 
smaller in other popular models for the B K* form factors (in the BSW 
model ^ Fi(0) = 0.69 and in the JW model [H Fi(0) = 0.59). Finally, 



it should be pointed out that the sign of g2 could not be determined; thus 
it cannot be said whether the long and short distance contributions to the 
radiative B decay amplitudes interfere destructively or constructively. 



4 Conclusion 

A phenomenological model was constructed that describes the contribution 
to the radiative B decays from the tree level decay into the J/ip resonance, 
followed by the J/ip-photon conversion. To account for the weak decay, 
an effective bsJ/ip vertex was introduced, which is used to describe both 
the inclusive and the exclusive B decays into J/ip. This assumes that the 
hadronization effects in the J ftp production and in the B — > K^*^ transition 
can be treated separately. The latter can then be described in terms of the 
usual set of form factors, related to those in semileptonic decays; whereas the 
former are described in terms of a new set of form factors that are determined 
empirically. The J/ip-photon transition is modeled after the VMD ideas 
that were used, for example, to describe the p-meson contribution to the 
nucleon electromagnetic form factors. The assumption in here is that of 
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complete J/ip dominance of the electromagnetic form factors, i. e. the other 
c-c contributions are neglected. This leads to a Lagrangian for the J/ip- 
photon interaction, parametrized by the J/ip decay constant. 

Within this model, the J/ip contribution to the 5-meson radiative de- 
cays was estimated to be (10—20)% of the observed b ^ S'j amplitude, and 
(7—17)% of the B — >■ K*'y amplitude. The large uncertainties correspond 
mostly to experimental errors and will be reduced in the future. There is 
however an additional uncertainty from some degree of model dependence 
in extracting the form factors in the bsJ/ip vertex from the data. Also not 
shown explicitly are the errors inherent to the assumptions that underlie the 
phenomenological model. In particular, the assumption of complete VMD 
is probably too strong. It has been suggested ||2^ that the effect of c-c 



contributions other than the J/ip-meson can be included in the formalism 
derived from the complete VMD assumption, by allowing for an effective fc^ 
dependence of fj/^. Within this prescription, the data for J/ip photopro- 
duction and for charmonium radiative decays reveal a significant departure 
from complete VMD g |ig. In ref. 0, it is found that 



fj/m 



m 



2 1 



0.6, (26) 



which should be viewed as a suppression factor that multiphes the results 
given here. However, the size of this suppression is uncertain, and the fc^ 
dependence of the form factors in the bsJ/ip vertex remains unknown. For 
these reasons, the results consistent with the complete VMD assumption were 
reported in here, while corrections to this assumption await further work. 



This work was partly supported by the Natural Science and Engineering 
Research Council of Canada. 
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Appendix 



The hadronic matrix elements in the decay amphtudes are parametrized as 
follows: 

< K*(p',e')\sj''Lb\B{p) >= — 2ie'^"^V»^V(P) 

mB + rriK* 

-{niB + mK*)e'^*Ai{e) + {p + p'f A^i^) 

mB + tuk* 

e'*.k 

where 



+2mK*^-^k^^[A,{e) - Ao{k% (27) 



2mK*A3{k^) = {ruB + mK*)Ai{P) - (ms - mK')A2{k^) (28) 

and Ao(0) = ^3(0); 

< K*{p',e')\sia^"'k,Rb\B{p) >= ie^''^'< ey^p^Fiik^) 
+ [(m| - ml,)e'>'* - e'*.k{p + p'r]F2{k^) 

+e'*.k[k^ - , , ip + p'rWsie), (29) 

where Fi(0) = 2^2(0); 

<Kip')\srLb\B{p)> = {p + pYf,(k') 

+ < -< kVoik') - Mk% (30) 

where /i(0) = /o(0); and 

< K{p') Isia^'^k^RblBip) > = s{e) [{p + p'ye - (m| - m^) A;^] (31) 

{k = p-p'; L,R = 1 T75). 

In ref. |19], Isgur and Wise pointed out that in the static b-quark limit 
7o6 = 6, in the i?-meson rest-frame, and so the < K^*^\'s'y^Lb\B > and 
< K^*^\sia^'^k„Rb\B > form factors are related by 

F,(P) = 2imB-E,,) + "^" + "^"* A(P), (32) 

mB + rriK* mB 

14 



2mB\pK* 



+ 



TUB — E 



K* 



— mj^» iriB + mx* rriB — ttlk' 



{niB + Ek*) 



m 



B 



m 



K 



+ 
+ 



1 



2mB — rax 



rriB + rriK* 



rriB 
1 



-{ 



(33) 



2mB + rax' 



rriB + rriK* 



[Asik') - Aoik')]} 



(34) 



(where E^* and \pk* \ are the energy and momentum of the K* meson in the 
B rest-frame), and 



2m 



m 



K 



B 



[/o(P)-/i(fc^)]}. 



(35) 



The B - 
gous D - 

V{t*) 
Ai(t*) 

A2{t*) 



form factors V, v4o,i,2 and /+^_ are then related to the analo- 
> K^*^ form factors, through the HQS relations p!9| 



' as{'mb) \ 
m, 



-6/25 



-6/25 



[m^ TUB + niK* yDK*(^i^-^ 
fTtb + Tax* ' 



(36) 
(37) 



-6/25 



Imc rriB + mx* ..^ ^ rUc. A^^\0) 
nil, m£) + rriK* nii, ^ 



+ (1 



nib 



){mr) + mK*)2mK* 



<^*(P)-Af^*(P) 



fc2=0 



(38) 



and 



hit) 



1 / asjmb) 

2 la^(mc) 



-6/25 



'-{(i+-)/no) 

nir nib 



'1 ^cn/ 2 2 > 



fc2 



}, (39) 



with 



> =mi,+ m^(.) (m^ + m^(.)). 



(40) 
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The D — s> K^*^ form factors, at A;^ = 0, are extracted from the D K^*^' 



data, assuming a monopole k"^ dependence as in the BSW model ||2T 
table 0for the pole masses). They are 



see 



V^^\0) = 1.12 ±0.16 Af^*(0) = 0.61 ±0.05 

A^^*{0) = 0.45 ±0.09 /i^^(O) = 0.77 ±0.04. (41) 

For the other parameters, the values used in here are rrif, = 5.0 GeV, rric = 
(1.5 ± 0.2) GeV, and A^^ = (250 ± 50) MeV 

The dependence of the B K^*^ form factors is not determined by 
the HQS relations. As for the D K^*'' form factors, it will be assumed 
that it is the monopole dependence of the BSW model (see also refs. [EB] and 



2/]). The pole masses are given in table 0, and 



V{0) = 0.73 ±0.13 Ai(0) = 0.30 ±0.03 
^2(0) = 0.31 ±0.05 /i(0) = 0.50 ±0.03, (42) 



from eqs. |36|-p9i 



V Ai,2 Ao fi fo 



D^K^*^: 2.11 2.53 1.97 2.11 2.60 
B K^*'> : 5.43 5.82 5.38 5.43 5.89 

Table 2: The pole masses [p^ for the B, D ^ K^*^ form factors. 
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Figure Captions 

Figure 1: The photon vertices that correspond to the interaction Lagrangian 
of eq. [11|. 

Figure 2: The lowest order perturbative contribution, from the effective 
Hamiltonian in eq. ^, to the form factors G'^^ the hs^ vertex. 

Figure 3: Allowed region on the ((y'1,5'2) plane, from the data for the longitudinal (1) 
and transversal (2) B K*J/ip rates, and for the B — >■ KJ/ip rate (3). 



Table Captions 

Table 1: The parameters for the lines gi = ±aj + big2 {i = 1,2,3) in fig. 3. 
Table 2: The pole masses [^| for the B, D ^ K^*'^ form factors. 



Table 1 

i a, bi 



1 0.32 ±0.07 1.41 ±0.14 

2 0.15 ±0.03 2.63 

3 0.29 ±0.03 0.57 



Table 2 

V ^1,2 Ao h fo 



D ^ K^*^ : 2.11 2.53 1.97 2.11 2.60 
B i^W : 5.43 5.82 5.38 5.43 5.89 



